Summary. The occurrence, distribution and forms of the parafollicular cells in the thyroid and some neighboring branchiogenic organs were examined in serial sections of the thyroid of 34, dogs. For the identification of the parafollicular cells, silver impregnation, pseudoisocyanin and lead-hematoxylin stainings were employed.
It seems now fully evidenced by experimental and immunofluorescent studies that the parafollicular cells of the thyroid are responsible for the secretion of a serum calcium lowering hormone, calcitonin (FOSTER et al., 1964; MATSUZAWA, 1966; BUSSOLATI and PEARSE, 1967; ERICSON, 1968) . The present author also found by light microscopy remarkable degranulation and increased mitotic figures in the parafollicular cells of the dog after induced hypercalcemia (KAMEDA, 1970) . Recently it has been revealed that the parafollicular cells are easily and distinctly stained either by basic dyes and lead-hematoxylin (SOLCIA et al., 1969) after hot-HCl hydrolysis or by modified Davenport's silver impregnation method (KAMEDA, 1968) . When the dog thyroid was stained by one of these staining 115 methods, hitherto unknown cell complexes consisting of very numerous cells abounding in stained granules and of some other epithelial cell types were found around the parathyroid IV. The present paper will treat with the occurrence, distribution and morphological nature of these cell complexes studied in thirty-four dogs by means of serial sections, and will further discuss the distribution of the parafollicular cells in the parathyroid IV and thymus IV.
Materials and Methods
Quantitative studies of the parafollicular cells were performed in 34 dogs by making either longitudinal or transverse total serial sections of one or both thyroid thick non-serial sections were prepared served as subsidiary materials. Eight fetuses were also included.
Nine of the thirty-four animals were given 0.5% CaCl2 drinking water and intramuscularly injected with vitamin D3 in a daily dose of 300,000 IU (three dogs for 10 days, two dogs for 20 days and four dogs for 30 days). Seven animals were given drinking water containing anti-thyroid drug, i.e., five of them were given 0.5% thiourea for one week while two were given 0.2% 2-thiouracil for twenty-eight days. The thyroid gland was fixed in Bouin's fluid and GPA solution of . The latter fixative consisted of 1 vol. of 2.5% glutaraldehyde, 3 vol. of saturated aqueous solution of picric acid and acetic acid giving a concentration of 1%. The sections were stained with hematoxylin-eosin (longer than one hour in hematoxylin solution), silver impregnation (KAMEDA, 1968) , pseudoisocyanin (N, N'-diethylpseudoisocyanin chloride, Leverkusen, SOLCIA et al., 1968) and leadhematoxylin (SOLCIA et al., 1969) .
Results

Ordinary parafollicular cells
The parafollicular cells of the thyroid are characterized by their cell bodies and nuclei more or less distinctly larger than those of the follicular cells as well as by their chromatin-sparse nuclei and pale cytoplasma in hematoxylin-eosin staining. As described in the previous paper (KAMEDA, 1968) , the parafollicular cells of the dog were distributed in parafollicular and interfollicular positions forming smaller and larger cell groups. They are not evenly dispersed in the thyroid gland. The smaller the follicles, the more numerous the parafollicular cells tended to be distributed in the parts. In nineteen of thirty-four lobes cut in longitudinal serial sections, the parafollicular cells were more or less concentrated in the region adjacent to the parathyroid IV (Fig. 3a) . Here the parafollicular cells often exceeded the follicular cells in number.
Although there was a large individual variation, generally the parafollicular cells seemed to be more abundant in younger dogs than in aged ones. The cytoplasm of the parafollicular cells was filled with argyrophil granules after silver impregnation.
A granular substance of a corresponding nature and distribution in the cell was also selectively stained in pink and blue respectively both by pseudoisocyanin and by lead-hematoxylin ( Fig. 1 ) after hydrolysis. The parafollicular cells of three-day-old dogs were only faintly stained by these staining methods; a substance stainable by these methods was still sparse in the parafollicular cells of these young animals (Fig. 4) . In animals with induced hypercalcemia after a combined administration of CaCl2 and vitamin D3 for 20 days and 30 days, the granules of the parafollicular cells stained by silver impregnation, pseudoisocyanin and lead-hematoxylin were conspicuously decreased and a marked increase of mitotic figures in the parafollicular cells was observed. As for the reaction of the parafollicular cells to hypercalcemia a detailed description was made elsewhere (KAMEDA, 1970) .
Parafollicular cell complex
Besides the ordinary parafollicular cells described above, large cell complexes formed by numerous parafollicular cells generally associated with some other epithelial elements were found either adjacent to or within the thyroid gland (Fig. 2, 3, 5 ). In the longitudinal serial sections of the 34 thyroid lobes examined, one lobe from each animal, 24 possessed one or more parafollicular cell complexes now to be described (see Table 1 ). The parafollicular cells in these complexes revealed the same nature as the ordinary parafollicular cells in their morphological features, stainability of the granules and reaction to induced hypercalcemia (Fig. 6) .
The cell complexes often included epithelial cysts and canals which either were empty or contained cell debris (Fig. 2) . Unlike the cysts encountered in thyroid parenchyme and parathyroid gland (vide infra), they possessed no colloid-like substance except for occasional granular substance. They were lined with a non-ciliated, single columnar or cuboidal epithelium which had oblong and chromatin packed nuclei.
The parafollicular cells often directly faced the sac lumen. In the cell complexes a few columnar epithelial cells were sometimes recognized which, even by examination in serial sections, were not involved in cyst formation.
If present they formed packed cell groups among the parafollicular cells. The younger the animal, the more numerous these columnar cells were. For example, in three-day-old dogs as shown in Figure 4 , many columnar cells were observed. There were found different types of epithelial cells without special granules. Besides typical columnar elements resembling the cyst epithelium, there occurred also ovoid cells which possessed a round and chromatin-sparse nucleus and resembled the parafollicular cells. Detailed examination revealed that there exists every transitional form between both types. Some of the columnar cells continued the cyst epithelium.
The whole cell complex of this type, unlike the one with microfollicles (vide infra), was generally separated from the thyroid parenchyme by connective tissue sometimes containing fat cells (Fig. 2, 3a) . The cell complex generally was ovoid in shape and extended in craniocaudal direction.
The size of the cell complexes varied conspicuously. Smaller ones were mostly 0.2-0.3mm and larger ones 1-2mm in long diameter. The largest cell complex observed in this study measured 2.5mm craniocaudally, 1mm ventrodorsally and 1mm mediolaterally. A few cell complexes, however, were even smaller in size than larger groups of ordinary parafollicular cells. They were identified as such since they contained columnar cells and cyst and/or canals and were separated from the thyroid parenchyme by connective tissue.
In addition to the above-mentioned constituents, some of the special cell complexes contained numerous polygonal cells packed among the groups of the parafollicular cells (Fig. 5) . These cells had smaller cell bodies without special granules The age difference in the occurrence and the size of the special parafollicular cell complex could not be confirmed in the present study because of marked individual difference.
The spatial distribution of the special parafollicular cell complexes of both types in the thyroid of five dogs was schematized with special reference to their relation to the parathyroid IV and thymus IV ( Fig. 8a-e) . They were generally observed near the parathyroid IV (Fig. 3a, 5a) , which was usually attached to the thyroid on the dorsomedial side, more or less cranial to the middle level, and unlike the parathyroid III, was often partially fused with the thyroid parenchyme. Sometimes, however, the cell complexes occurred quite apart from the parathyroid IV, i.e. in the portions lower than this, occasionally even at the caudal end of the thyroid and rarely in the ventral side. Further, the complexes were occasionally attached to the accessory parathyroid IV. (The accessory parathyroid IV was encountered in or beside the thyroid mainly around the chief parathyroid IV and rarely distant from it. Its number and size varied from individual to individual). The cell complexes, however, had no relation with the parathyroid III. In five of nine cases, in which the thymus IV, mostly related to the parathyroid IV, was found beside or within the thyroid gland, a special parafollicular cell complex was directly juxtaposed with the thymus IV (Fig. 7a) . In a few cases parafollicular cell complexes formed a group with the parathyroid IV and the thymus IV simultaneously (Fig. 8d) .
The parafollicular cells dispersed in the parathyroid IV and thymus IV
As shown in Figure 6 , a parafollicular cell complex sometimes was attached to the parathyroid IV (five in twenty-four cases) and their cell elements were occasionally mingled with the parathyroid cells. Moreover, the dispersion of the parafollicular cells in the parathyroid IV which was not connected with a parafollicular cell complex was clearly demonstrated by stainings employed in the present study in three out of the thirty-four cases (Table 1, Fig. 3c ). The parafollicular cells also occurred in the accessory parathyroid IV in one case. With hematoxylin-eosin staining, although they were characterized by larger cytoplasma and nuclei than those of the parathyroid cells, it was less easy to distinguish them from parathyroid cells than from thyroid follicular cells. The parafollicular cells were usually concentrated in the periphery of the parathyroid parenchyme forming small cell groups and roughly numbered from thirty to one hundred in the whole organ. No parafollicular cells were found in the parathyroid III.
In addition to five cases in which the thymus IV was connected with the parafollicular cell complex, in two lobes of nine thymus IV the parafollicular cells were diffusely dispersed in the periphery of the organ (Table 1, Fig. 7c ). The parafollicular cells in the thymus IV were roughly estimated from a few to fifty in number. Although in two cases thymus tissue was also found beside the parathyroid III, this tissue contained no parafollicular cells.
Cysts in the thyroid parenchyma, parathyroid and thymus A cyst or cysts were found in the thyroid parenchyme of 32 out of the 34 cases examined, besides those that occurred within the special parafollicular cell complexes. They were more numerous in the vicinity of the parathyroid IV, though found everywhere in the gland. The cysts were lined by various types of epithelium, i.e., simple cuboidal, simple columnar, stratified columnar, simple ciliated columnar, ciliated stratified columnar and stratified squamous types. The cysts contained in most cases a homogeneous colloid-like substance stained paler than the thyroid follicular colloid, granules of various sizes or cell debris; otherwise they appeared empty. In the parathyroids and thymus also a similar cyst or cysts often occurred, which may have connection to the cysts of the thyroid parenchyme. Such connection was found often in the parathyroid IV and thymus, more rarely in the parathyroid III. The cysts in the parathyroid III were mainly lined by a ciliated epithelium. A connection of the cysts lined by ciliated epithelium and containing a colloid-like substance with the parafollicular cells could only rarely be found, while empty cysts lined by a scarcely ciliated epithelium were more often related to the parafollicular cells, the latter sometimes being involved in the cyst epithelium (Fig. 9 ).
Fetal thyroids
In eight fetuses examined, 100-110mm in crown-rump length, no parafollicular cells could be distinguished from the follicular cells by any of the staining methods employed.
Epithelial cell clusters consisting of cells different from the follicular cells were often observed around the parathyroid IV and lower portion.
Discussion
Parafollicular cell complex
In the present work, in addition to the impregnation technique, stainings with pseudoisocyanin and lead-hematoxylin were used which were recently reported by SOLCIA and his associates (1968 and 1969) for the positive demonstration of the parafollicular cells. The main result of this study concerns the occurrence and distribution of an especially large and often isolated cell complex containing cells identified as the parafollicular cells by these methods. That in the induced hypercalcemia the In the early years of this century, numerous studies were performed on the ultimobranchial bodies. It is widely known that during development of the mammalian embryo, the ultimobranchial anlages arise bilaterally from the last branchial pouches and come to be involved in the thyroid gland. As to the fate of the ultimobranchial bodies in postnatal life, however, there are divergent opinions. Some authors believed in the disintegration or disappearance of ultimobranchial tissue during the development, whereas others, its transformation into cysts or its development into thyroid parenchyme (lateral thyroid gland).
In his classical paper on the development of the ultimobranchial body of dogs, GODWIN (1937) found in the periphery of the thyroid gland of late fetuses and postnatal animals peculiar unorganized cellular masses consisting of "gray cells," a designation based on their appearance in hematoxylin-eosin staining. These cell masses may correspond to our parafollicular cell complexes in their position and relation to the thyroid parenchyme, the gray cell closely resembling the parafollicular cells in the complexes.
If GODWIN's conclusion that the gray cell masses were formed from the ultimobranchial material is tenable, it affords strong support to the ultimobranchial origin of the parafollicular cell complexes.
In addition, similar cell masses have been reported by several authors in some other mammals and man. VAN DYKE (1945) described in the sheep an unusual parafollicular cell mass and a follicle forming mass which he supposed to be derived from the ultimobranchial body. In the Australian opossum, Trichosurus vulpecula, ADAMS (1955) described that the thyroid usually contained a small epithelial nodule, solid but tending to form vesicles that he thought the remnant of the ultimobranchial body. MASON (1931) recorded in the cat small solid masses of epitheloid cells located inferior to the parathyroid IV embedded in the thyroid.
In man, SUGIYAMA (1967) described small and solid cell conglomerates as well as cysts of supposed ultimobranchial origin. Thus, the occurrence of epithelial cell masses of more or less presumable ultimobranchial origin near and inside the thyroid have been known in postnatal animals and man. However, an identification of the cell mass in question as parafollicular cells has been made in none of the previous works by a positive staining method for the parafollicular cells. GODWIN, VAN DYKE and ADAMS stained the cells only with hematoxylin-eosin; SUGIYAMA and MASON did not correlate at all the cells in question with parafollicular cells.
GODWIN, VAN DYKE and MASON recognized that their epithelial cell masses were encountered near the parathyroid IV. In the present study of dog thyroid, the parafollicular cell complexes were in the vicinity of the parathyroid IV and the thymus IV existing near and in the thyroid. In some cases, the cell complex was seen even attached to the parathyroid IV (Fig. 6 ) and/or thymus IV (Fig. 7) , but never attached to the parathyroid III nor to the thymus III. These dispositions and the predominant distribution of the ordinary parafollicular cells around the parathyroid IV also suggest strongly an intimate original relation of the ultimobranchial body or the last branchial pouch to the parafollicular cells. Recently, further evidence for this has been given from the results of fluorescence histochemistry.
Thus, after the injection of 5-HTP and L-DOPA, a fluorescent substance was detected not only in the parafollicular cells of the adult mammals (LARSON et al., 1966; PEARSE, 1966) , but also in the ultimobranchial cell cords and in the parafollicular cells, associated with the latter, of rat embryos , also in the ultimobranchial body of the chicken and sparrow (KRACHT et al., 1968) and of the newt (PEARSE, 1968) , where this body constitutes a separate gland in postnatal life. STEINITZ and STONE (1954) indicated that the ultimobranchial bodies of the newt contained a few follicles which underwent regression after hypophysectomy. GODWIN (1937, in the dog) and VAN DYKE (1945, in the sheep) remarked the occurrence of small follicles in their cellular masses of presumably ultimobranchial origin. In the present study the parafollicular cell complex containing microfollicles was often fused with the thyroid parenchyme in contrast to the complex lacking in the follicle elements.
These facts might suggest that the transformation of some parts of the embryonal ultimobranchial body into follicular cells would not be entirely impossible.
Parafollicular cells dispersed in the parathyroid IV and thymus IV
Recently, some investigators noticed in the rabbit parathyroid the occurrence of cells with cytological characteristics similar to those of thyroid parafollicular cells (DUBOIS et DUMONT, 1966; CARVALHEIRA and PEARSE, 1967; SOLCIA and SAMPIETRO, 1968; WELSCH and PEARSE, 1969) . These cells are thought to correspond to the cells in the dog parathyroid IV demonstrated by different staining methods in the present study. Although in this study the dispersed parafollicular cells in the dog parathyroid IV occurred in no more than a few cases, they are very common in cats and rabbits (KAMEDA, in preparation) .
In the thymus parenchyme the occurrence of the parafollicular cells has not yet been demonstrated in any species. The author also found them in cats as well as in dogs (KAMEDA, in preparation).
Cysts in the thyroid
It has long been recognized that the thyroid in many species of mammals contains cysts in addition to the normal thyroid follicles and the following classification of them has been proposed (see BARGMANN, 1939) : 1) cysts derived from the thyroglossal duct, 2) branchiogenic cysts and 3) cysts derived from the respiratory tracts. Most investigators regarded the ciliated cysts in the thyroid gland as a branchiogenic element, especially as a derivative of the ultimobranchial bodies (MASON, 1931; WATZKA, 1933; TASHIRO, 1963; SATO et al., 1966) . In the present investigation cysts were found not only in the thyroid but also in the parathyroid III, in the parathyroid IV and in the thymus IV and III which were located beside or within the thyroid gland. Furthermore, a cyst in the parathyroid and thymus often extended into the thyroid gland. The cysts within the parathyroid III were mainly lined by ciliated epithelium.
On the other hand, the cysts lined by ciliated epithelium in the dog thyroid indicated no definite morphological relation to the parafollicular cells (KAMEDA, 1968) , while empty cysts lined by scarcely ciliated epithelium were often seen associated with the parafollicular cells in the present study. Hence the cysts in the thyroid gland, especially those lined by ciliated epithelium, are not necessarily regarded as the derivatives of the ultimobranchial bodies or the last pharyngeal pouch.
Fetal thyroids
The embryonic thyroid presumably in the stage after the incorporation of the ultimobranchial bodies indicated neither the silver impregnated cell nor the pseudoisocyanin and lead-hematoxylin stained cell. It may suggest that the parafollicular cell granules stainable by these methods were not yet formed.
